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RADIUM EMANATION AND TRANSMUTATION.�· 
THE CHEMICA.L ACTION OF RADIUM EMANATION ON COPPER ANI) LEAD AND ON WATER. 
BY ALEXANDER THOMAS CAMERON. M.A .. B.SC .• AND SIR WILLIAM RAMSAY. fi.C.B .• F.R.S. 
Experiment with Copper Nitrate."j"-During the ex· 
periment, the greatest care was taken to avoid the in­
troduction of any possible impurity. The vessels used, 
with exception of the origilial bulb and of a glass 
pipette, were of platinum and silica. Only gaseous 
reagents were used in the whole work, up to obtain· 
ing the residue of alkali. 
The source of the copper was "pure" laboratory cop­
per sulphate; it was dissolved in distilled water, of 
which 20 cubic centimeters gave a total unweighable 
rtsidue. This solution was electrolyzed, the current 
used being 1 ampere, and the E.M.F. 3 volts, and it 
was deposited on a rotating cathode of smooth plati­
num. After two and a half hours, the copper coating 
was washed several times with the purest water. 
Pure redistilled nitric acid was the solvent for the 
copper; the residue from 50 cubic centimeters weighed 
0.4 milligramme. About half the copper was dissolved; 
the Golution was evaporated to dryness in a platinum 
basin over a water bath, and the residue was heated 
for two hours longer to expel the last traces of nitric 
acid. This copper nitrate was dissolved in pure water 
and filtered into two glass bulbs, newly made from the 
same piece of tubing. One was exhausted and sealed 
(l); emanation which had collected fOr ten days was 
introduced on April 29 into the other bulb (II); 
emanation was again added on May 4, 9 and 14. The 
bulb was then sealed off. The total quantity of emana­
tion introduced was approximately 1.62 cubic milli· 
meters. 
After the first day, a slight cloudiness appeared in 
bulb II, whereas the contents of I were perfectly 
transparent. On the second (ay, the liquid in II was 
distinctly green, while the copper nitrate in I, natu­
rally, remained clear blue. The green color did not 
become more intense. 
The residual gas from the emanation was collected 
as "copper gas." The method was: to freeze with 
liquid air the contents of the bulb, then to open the 
tap to the pump, and to evacuate the bulb; this yielded 
the "copper gas." Emanation with some hydrogen was 
then introduced into the bulb; the hydrogen was then 
pumped out, and examined subsequently. It may be 
stated here that this gas was used as a source of 
helium; it is possible that, when freshly prepared, 
some neon lines were present, but this is not certain. 
Both bulbs were finally opened on June 10; from 
the untreated bulb nothing could be pumped off, as 
might have been supposed. 
In order to gain some knowledge of the action of 
the emanation on glass alone, a similar bulb was 
charged with pure distilled water, and emanation was 
introduced on May 22 and 29, and on June 7 and 11; 
in all, 1.44 cubic millimeters were added. The bulb 
Was opened on June 29. The liquid contents of the 
bulbs are left for after consideration; the gaseous con· 
tents alone will be now treated of. 
Investigation at the Gaseous Products.-A curious 
circumstance now transpired. On pumping out the 
gaseous contents of the bulb containing copper nitrate 
(the "copper gas") for the last time, it was naturally 
collected in the same tube into which it had previ­
ously been introduced; but the copper solution was not 
frozen with liquid air, in order that all gases might 
be removed, and not merely those volatile at the lower 
temperature. On mixing, red fumes were observed; 
the explanation evidently is that the nitric oxide, to 
which the nitrate ion had been reduced, had been 
frozen during the former extractions of gas, and had 
accuITlUlated in the bulb. It is known that nitric oxide 
forms unstable combinations with copper salts, and 
these, at the low temperature of liquid air, must have 
remained undissociated. This mixture of gases was 
then well shaken with mercury, in order to absorb, the 
nitric peroxide,' and the analysis of the residual gas 
was carried out. The deposit of mercurous nitrate was 
then treated with concentrated sulphuric acid, and the 
nitric oxide was thus liberated. In this manner, Ure 
analysis of the gaseous mixture was rendered complete. 
The inactive gases were separated and examined. 
From copper From 
nitrate solution, "treated'· 
Nitric oxide. NO . . . . . . . 
Nitrogen, N2 • • • • • • • • • •  
Carbon dioxide. CO2,,, • 
Carbon 'monoxide, CO .. 
HyqrogeI}, H2 • • • • • • • • •  Oxygen';�u2 • • • • • • • • • • . •  
"treated." water. 
1.12 c.c 
0.;)4 " 
0.27 " 
0.44 " 
1.12 " 
3.29 " 
0.307 c.c. 
0.065 " 
0.030 " 
:1.746 " 
1.562 " 
5.710 " 
From 
"treated" 
lead nitrate. 
0:032 c.c. 
0.009 " " 
0.184 .. 0.700 .. 
0.925 " 
* A'bstract of a memoir submitted to the Chemical Society 
(London) . 
t'ro !.lave space, the fourth experiment is alone given. 
From the residue of,litrogen from the gas evolved 
by the emanation by it� action on cop�el' �i trate" ,the 
residual nitrogen was removed by sparking with oxy­
gen over sog,ium hydroxide. The excess of oxygen 
was also removed. !The spectrum' was. that' of pure 
argon; no helium or neon line couldlJe, ob\lerved. It 
ITlust be noticed, howlOlver, that two red 'lines, of ap­
proximate wave-length 6,739 and 6,6iO,:' w�re ob�erved, 
which were not present in the argon'spe,ctrum used for 
comparison. Now, it is possible that air might have 
leaked in through the stopcocks� for the emanation was 
introduced durinp a period of fifte\Cn': <;lays, and the 
bulb was then sealed off. But if the argon had been 
derived from the atmosphere alone,hlOllium, should still 
have I b"een visible in the spectrun 1< it it ha'd been 
derived from the emanation; reckoning the nitrogen 
as entirely atmospheric, the corresponding amount of 
argon would have been approximately tJiree cubic miUi­
meters, and we know
' 
from experiments on the emana­
tion above that from '1,62 cubic millimeters of the emil­
nation, 'the vplume Or' ,helium to be expected shouId 
have been about 5. cubic millimeters" a quantity easily 
visible in the presence ,of so little argon. We regard 
ii: as more probable tli'lt there was no leakage, and 
tllat the nitrogen was derived from the copper nitrate. 
This point, however, cannot be regarded as settled 
until further experiments have been made, in which 
the possibility of ,leakage of air into the apparatus is 
completely excluded. 
The gas from the water, treated with emanation, 
was examined by the help of cooled charcoal. The un­
condensable gas, forced up into the small vacuum tube, 
gave a brilliant neon spectrum in which the helium 
spectrum was faintly visible., A comparison was made 
with a vacuum tube containing atmospheric neon, and 
every line of neon was identified in the gas from the 
"treated" water, With a helium tube for comparison, 
it could be seen that the yellow·and green -heHtlm lineIS' 
of wave-lengths 6,677, 5,876, and 5,016 were present, 
but the other lines of helium were too faint to be 
visible. There were also other lines present, of which 
the approximate wave-lengths are: 
Red 6242 strong 
022:3 feeble 
6149 " 
Yellow 6018 
5912 
Yellow·green ii828 very feeble " 5!l06 " 
5720 
Green 5454 (Hg = 5461) 
52;)!) feeble 
4!lfJ:l very feeble (H2=4861) 
4625 " 
As the gas from the lead nitrate was the product of 
only one dose of emanation, it ,was not th::mght worth 
while to ,examine the inactive residue, That must be 
left for further experiment. 
Investigation at the Copper Nitrate ,-Parallel ex­
periments were carried out with the "treated" nitrate, 
and with a sample of the same solution, filtered into a 
bulb of similar glass, which was pumped empty and 
allowed to stand for the same length of time as the 
bulb containing the nitrate plus emanation. These 
will be termed L and II. respectively. 
I. co'ntained a greenish-white deposit; II. was quite 
transparent. The mixed solid and liquid from I. were 
transferred to a weighed silica tube, which was con­
structed for centrifugalization, and centrifugalized. 
The liquid was poured into a platinum crucible. The 
solid was twice washed with pure water* and the 
washings were added to the contents of the crucible, 
The residue, dried at 130 deg" weighed 4.11 milli­
grammes. This residue :was dissolved in nitric acid, 
distilled directly from a glass flask through a platinum 
tube sealed into the flask; it gave a blue solution. The 
nitric acid, thus" prepared, ga"e no perceptible residue 
on evaporation. The acid solution was diluted with 
distilled w;ater, and hydrogen sulphide, which had been 
allowed to stand for some hours in the Kipp's appa· 
ratus, was passed in through a platinum tube. A black 
precipitate was produced, which, with the liquor, was 
added to HIM abhlined' from the rest of the copper 
nitrate. 
The 'liquid from the greenish·white precipitate, which 
was mainly a basic nitrate of copper, was also treated 
with hydrogen sulphide; using the same precautions 
as before. The precipitate of sulphides was separated 
by centrifugalism in a silica tube, but a new glass 
* This water, which had also been used in the preparation 
of the copper nitrate, and for treatment with emanation, 'was 
prepared: as follows :--Drdina,y distilled water was redis­
tilled, using a tin condenser, into a Jena-gll,lsl  flask. It was 
then, frozen, being violently shaken in the shaking machine. 
Half the ice was allowed to melt and drain away, and the 
residu�, wh;eu liquid, was stored in steamed-"(iut je�a flasks., 
P�eviou.sto tlJ,e, cQPper nitrata, analysis. 20 c,c. of this water gave It just v!siPle total residue, absolutely unweighable, aI,ld 
invisible' ilfter ignition. 'The residue on evaporation; aft-er 
the water had stood during the time required for the analysis, 
was perhaps perceptibly greater, but was stlll quite negligible, 
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pipette w.as used to transfer the supernatant liquid 
to a platinum capsule. The process was repeated so 
as to insure 'the separation of all sulphide. 
The filtmte 'was evaporated nearly to dryness on a 
v;aterbath, and finally dried over a flame. The resi­
due was dissolved in four drops of water, and trans­
ferred' to 'a '�maller capsule. Four drops and five drops 
of the:piirest redis1.illed water were successively used 
as ,";ashwa'ter ; the, solution was evaporated over a 
small,'glasS w.1ter bath, and finally; dned at 130 deg. 
Th��eapi1l1e' ,. 's' transferred while still hot to a glass 
w . dish. The weight of the residue was 1.67 
r& 'mes., J,ts spectrum consisteJ of sodium (very 
sl�J' aii'd calcium (present, but weak), and the 
lithiu�' ��d line was identified and compared with the 
spectru'\ll, Of lithium chloride. The position of the line 
was undOUbted. A mixture of sodium and lithium 
chlorides was made, so as to be able to estimate ape 
proximately the percentage of lithium present. When 
the lithium was present in such amount that it formed 
0.01 per cent of the sodium, the intensity of the 
lithium red line was comparable with that of the resi­
due from the copper nitrate. The total quantity of 
lithium therefore may be estimated as 0.00017 milli· 
gramme. 
II. The blank experiment was treated in exactly 
the same manner. The residue weighed 0.79 milli­
gramme. The speetrum was that of sodium (very 
strong) and calcium (feeble); no trace of the lithium 
line could be observed. This was again repeated with 
identical results. 
I. The copper sulphide was heated in a clean glass 
beaker with pure distilled hydrochloric acid. As 
there was now no necessity to exclude alkalis, ordi­
nary distilled water and glass vessels were used. The 
precipitate dissolved, leaving a small residue of sul­
phur. The liquid was filtered into an Erlenmeyer flask. 
and ammanta Was'TIlown in until the cupric hydroxide, 
precipitated at first, had redissolved. Crystals of hyd­
roxylamine hydrochloride were' then added, and the 
solution was warmed; when it had become quite color· 
less, acetylene was passed in for some minutes. The 
cuprouS' acetylene was filtered off, and the process was 
repeated; the solution gave no further precipitate, even 
after standing over night. The filtrate from the acety­
lide gave no precipitate with, hydrogen sulphide, but, 
on acidifying with hydrochloric acid, a faint precipitate 
was produced, consisting largely of sulphur. This 
residue was digested with aqua regia; the solution 
gave no blue coloration with ammonia; it was evapo­
rated to dryness, dissolved in hydrochloric acid, evapo­
rated, and taken up with a drop of water. It gave a 
minute, black precipitate with hydrogen sulphide, too 
small for further investigation. 
The copper acetylide was transformed into sulphate 
and weighed as such. The weight corresponded to 
0 815 gramme of Cu (NO,) 2, which was therefore the 
amount treated with emanation. 
II. The blank experiment was treated in an exactly 
S'imilar manner; the only difference was that in this 
case no trace of a black precipitate could be produced 
in the filtrate from the copper acetylide. The weight 
of nitrate taken was 0.968 gramme of Cu (NO,) ,. The 
black precipitate, if it is possible to produce it in 
greater amount, deserves investigation. 
Investigation at the Lead Nitrate.-Here again a 
duplicate, untreated sample was examined along with 
the sample which had been exposed to the action of the 
emanation. As before, the treated sample will be 
termed I., and the untrea ted sample II. 
I. The treated sample was transferrec1 to a plati· 
num crucible, the glass bulb was twice washed out 
with the purest distilled water; * dilute sulphuric acid, 
produced in the laboratory by the contact process, and 
uncontaminated by alkali, was added, until no further 
precipitate fell. The precipitate was separated by cen­
trifugalization in a silica tube, and the sulphate resi­
due was transferred to a glass beaker. 
The liquid was transferred to a platinum capsule, 
and evaporated to dryness to remove> sulllhuric acid;' 
water was added, and hydrochloric acid was then dis­
tilled in, in tbe El,tate of gas. Hydrogen sulphide was 
then passed in, and the black precipitate of sulphide 
was centrifugalized. The liquid was decanted into a 
platinum callsule, and evaporated to dryness on a water 
bath. �Tater was again added. hydrochloric acid again 
distilled in, and then ammonia was blown through the 
solUtion. There was a very slight reddish-brown pre· 
• Tne wa'shcbottle was whony of glass: no grease was used, 
and the flask was thoroughly steamed out before the speCially 
pure distilled water was introduced. 
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cipitate, resembling ferric hydroxide. This was re­
moved centrifugally in silica, and the solution was 
poured into a platinum capsule. This liquid was evapo­
rated, and heated to volatilize ammonium salts. The 
residue weighed 0.45 milligramrr:e, but some had previ­
ously been removed for spectroscopic testing; the origi­
nal weight was probably about 0.6 or 0.8 milligramme. 
The spectrum was that of sodium only; no calcium or 
lithium was visible. 
The reddish·brown precipitate gave the reactions of 
iron. 
II. The blank experiment gavep.Tecisely similar re-
sults so far. 
.0' 
1 The precipitate of lead sulphate was dissolved in 
sodium hydroxide prepared from sodium with alcohol. 
(Iron was present as an impurity in this sodium hyd­
roxide.) There remained a very small insoluble resi­
due, distinct from the flocky precipitate of ferric hyd­
roxide'!' the latter dissolved in hydrochloric acid, but 
scm'e 'grains of a black powder remained. This was not 
Observed in n.; the ferric hydroxide dissolved com­
pletely and at once. 
l. The precipitate of lead sulphide, obtained by 
passing hydrogen sulphide through the liquid from 
which the sulphate had been separated centrifugally, 
was dissolved by saturating the liquid with hydrogen 
. chloride. and heating. There remained a residue of six­
sided, colorless tables, and some reddish-yellow grains. 
The whole liquid was evaporated to dryness, when lead 
chloride separated. Alcohol was added, and the lead 
chloride was separated centrifugally. The alcohol was 
eVaporated in a silica capsule over a water bath. The 
residue of white crystals still was seen, and also a 
yellow powdEr similar to that already described. Ex­
pEriments made with the blank, II., gave no crystals 
and no yellow grains. 
The residues, both from the copper and from the 
lead, are unfortunately so small that their investiga­
tion is exceedingly difficult. It is our intention to 
try to produce them in larger amount by using larger 
quantities of emanation and by employing a silica 
bulb. The latter is already in operation, and by its 
means the objections naturally attaching to glass bulbs 
will be removed. These experiments must be consid­
ered as preliminary. It is necessary first to find out 
where to search for the unknown before proper experi­
ments can be made. 
Examination of the 1Fater Treated with Emana­
tion.-After exposure to the action of 1.422 cubic milli­
meters of emanation, the water, after gases had been 
removed, was shaken in the bulb with freshly dis­
tilled, pure, ether. The ether was tested for hydrogen 
peroxide with titanium sulphate, and a yellow colcr 
showed its presence in small amount. This contra­
dicts the observation previously made, when the water 
was allowed to evaporate into phosphorus pentoxide, 
and gave no gas; it might have been supposed that 
hydrogen peroxide would have been decomposed during 
such evaporation. It is possible, however, that it :s 
absorbed by phosphorus pentoxide when its vapor 
slowly comes in contact with the anhydride. 
The remaining water was evaporated to dryness in a 
platinum capsule; the residue was somewhat deliques­
cent; it weighed 0.71 milligramme. The residue gave 
the spectrum of sodium (strong) and potassium (very 
faint), but no lithium. 
It is to be inferred that the alkali residue, obtained 
from the blank copper and lEad experiments and from 
the glass, all having approximately the same weight, 
is derived from the glass bulb. The greater weight 
of the residue of alkali salt from the treated copper 
nitrate may be noted. It can hardly be fortuitous, but 
some experiments with the silica bulb will show 
whether this excess is real and not a chance occur­
rence. 
Discussion of Results.-The radium emanation, dur­
ing its slJontaneous change, parts with an enormous 
amount of energy. It has been suggested that this 
energy is due to the explosive emission �f "a-particles," 
which may conceivably be identical with helium. 
Whether this last supposition be just or not, these 
particles may certainly be regarded as small masses of 
molecular dimensions moving with a very high velo­
city. It may be taken that, since the emanation pre­
sents a strong resemblance to the inactive gases of the 
argon series in the chara9ter of its spectrum, and in 
its indifference to chemical reagents, it belongs in all 
probability to that series, and we have already sug­
gested that its atomic weight may be approximately 
216.5. '\then left alone in an otherwise vacuous vessel, 
or when mixed with oxygen and hydrogen gases, it is 
known to yield helium as one of its products. This 
was first shown by Ramsay and Soddy, and the obser­
vation has been confirmed by Indrikson, by Debierne, 
by .Giesel, by Curie and Dewar, and by Himstedt and 
Meyer. 
It now appears that when dissolved in water, it 
yields almost exclusively neon as its gaseous educt; 
the trace of helium observed is produced, in all prob� 
ability, from the undissolved and gaseous portion of 
the' e�anation. When a copper, salt is simU:lt�neously 
present in solution, helium, if present at all, cannot be 
detected, and argon is the main product, mixed pos­
sibly with a trace of neon. It may be contended that 
the argon formed in presence of copper sulphate is 
derived from atmospheric nitrogen which may have 
leaked in through the stopcocks. It is impossible at 
this stage to disprove this possibility, but the presence 
of argon does not account for the absence of helium, 
and it is remarkable that the amount of nitrogen is 
almost exactly the same both when water and when 
copper sulphate were present, although the conditions 
were by no means parallel. 
We suggest (1) that helium and the a-particle are 
not identical; (2) that helium results from the "degra­
dation" of the large· molecule of emanation by its 
bombardment with a·particles; (3) that this "degrada­
tion," when the emanation is alone or mixed with 
oxygen and hydrogen, results in the lowest member of 
the inactive series, namely, helium; (4)' that if parti­
cles of greater mass than hydrogen or oxygen are 
associated with the emanation, namely, liquid water, 
tllen the "degradation" of the emanation is less com­
plete, and neon is produced; (5) that when molecules 
of still greater weight and complexity are present, 
as is the c-ase when the emanation is dissolved in a 
solution of copper sulphate, the product of "degrada­
tion" of the emanation is argon. We are inclined to 
believe, too, that (6) the co� Jer also is involved in 
this process of degradation, and is reduced to the low­
est term of its series, namely, lithium; at the same 
time, inasmuch as the weight of the residue of alkali, 
produced when copper nitrate is present, is double 
that obtained from the blank experiment, or from 
water alone, the supposition is not excluded that the 
chief product of the "degradation" of copper is sodium. 
It may be argued in favor of this view that, inasmuch 
as sodium is a much commoner element than lithium, 
it may be regarded as more stable, and therefore more 
likely to be produced. 
It is to be noticed that the sodium "produced" from 
copper, if this suggestion is correct, corresponds to an 
enormously greater number of molecules than the 
helium. That is true, but it must be remembered that 
the chances of collision of a molecule of "disrupting" 
emanation with an atom of copper are almost infi­
nitely greater than with one of its own atoms, because 
the number of copper ions in the solution is consid­
erable. 
Experiments confirmatory of the above view, in 
which it appears that an �cid solution of thorium 
nitrate continuously produces carbon dioxide, are in 
progress. The observation has been made three times, 
at intervals of six months between the observations', 
but publication of an account of these experiments will 
be delayed until a fourth experiment has been made 
and a corresponding blank experiment has been 
studied. 
It is evident that the research, of which the fore­
going is a description, is merely a preliminary survey 
of the field to be explored, and that much work must 
be done before the tentative hypothesis which has been 
put forward can be substantiated. 
AGRICULTURAL USES OF CRUDE 
AMMONIA. 
By EMILE BOUANT. 
CRUDE ammonia is a waste product of the chemical 
purification of illuminating gas. The gas, on leaving 
the retorts,is partially purified by washing and cool­
ing, but it still contains carbon dioxide, hydrogen sul­
phide, ammonia, and cyanogen compounds. These 
impurities are removed by causing' the gas to flow 
through iron tanks containing sieves on which a chemi­
cal purifier is spread. 
The substance first employed was slaked lime, 
mixed with chopped straw, sawdust, or spent tan bark 
in order to increase the porosity and the surface of 
contact with the gas. The slaked lime absorbed the 
carbon dioxide and hydrogen sulphide, but the removal 
of ammonia and cya'nogen was performed very imper­
fectly. 
For the last half century all large French gas works 
have used the Laming mixture of slaked lime, ferrous 
sulphate, and sawdust. The ferrous sulphate is first 
mixed with the sawdust, in the .. proportion of 25 
pounds of SUlphate to a cubic foot of sawdust. The 
mixture is then sprinkled with water and an excess of 
slaked lime is added. The lime and the ferrous sul­
phate react, forming calcium sulphate and ferrous 
hydroxide, The mixture is then left exposed to the 
air, with frequent stirring, until it acquires a reddish 
brown color in consequence of the oxidation of the 
ferrous hydroxide to sesquioxide. It is now ready 
for use. 
The carbon dioxide of the illuminating gas is 'ab­
sorbed by the excess of lime, the ammonia reacts with 
the calcium sulphate and forms ammonium sulphate, 
and the hydrogen sulphide reacts with the sesqui­
oxide of iron, forming ferrous sulphide, free sulphur, 
and water. Finally, the ferrous sulphide thus pro­
duce d absorbs the cyanogen compounds, giving rise to 
cyanides, sulphocyanides, and sulphocyanates of iron. 
Whim the mixture has become inactive its power is 
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restored by exposing it to the air. The ferrous sul­
phide becomes oxidized to ferrous 'sulphate, which 
reacts with the calcium carbonate to form calcium sul­
phate and ferrous carbonate, which, in turn, gradually 
evolves carbon dioxide and forms sesqui-oxide 'Of icon. 
, In this way the mixture is partially restored' to 'its 
original composition, so that it can be- used again. 
The process can be repeated several times' bui-'not in­
definitely, for the quantity of free sulphur steadily 
increases and the mass gradually loses porosity. 
When the mixture has become unfit for further use 
it constitutes what is known as crude ammon'ia. Crude 
ammonia varies greatly in appearance and chemical 
composiEon, according to the quality of the coal em­
IJloyed, and the number of times the' mixture 'has been 
,used for purifying gas. It is usually a coarse "and 
more or less moist powder of 2, bluish gray or green­
ilih gray color, exhaling a strong odor of illUminating 
gas which, however, disappears after several months' 
exposure to the air. It contains from 10 to 25' per 
cent of water, from 20 to 45 per cent of free sulphur, 
and mu-ch smaller and very variable quantities of 
ammonium sulphate; free ammonia and various cyan­
ides, sulphocyanide and ferrocyanides of iron and of 
ammonium, with a little sulphide and oxide ,of iron. 
The total quantity of nitrogen is 13 01"14 per cent. 
Most of ,this is in the form of cyanogen compounds; 
comparatively little in that of ammonia and its salts. 
About 13,000 tons of crude ammonia are annually 
produced in France, and 8,000 tons are imported. The 
composition of the imported article differs consider­
ably from that of the domestic product, as many for­
eign gas works use, instead of the Laming mixture, 
various natural ores of iron, without the addition of 
either lime or sawdust. 
Crude ammonia ,is utilized in the manufacture .of 
ammonium' sulphate, Prussian blue; pure sulphur, 
and a mixture very rich in sulphur-which- is known 
as "precipitated sulphur" and is employed by vine 
growers as a remedy for mildew. 
The greater part of the crude ammonia of the 'gas 
works, however. is employed directly in 'agriculture, 
aii an insecticide, a destroyer of weeds, and a' fertilizer. 
Crude ammon;a is 'very poisonous in consequence of 
its high percentage of cyanogen compounds. For 
several years it has been successfully employed' in 
combating the white grub and other insect enemies 
of the sugar beet. The application of 1,600 pounds 
.of crude ammonia per acre destroys all these insect 
pests and assures good crops for several .s�Gessive 
years from the same land. The application of the 
same quantity, in autumn, is an equally efficacious 
remedy for the phylloxera of the vine. 
Crude ammonia poisons plants as well as animals. 
Applied freely to garden paths, it prevents the growth 
of vegetation, and cultivated fields can be completely 
cleared of weeds by its judicious employment at the 
beginning of winter. 
It might be inferred from all this that crude am­
monia, in spite of its richness in nitrogen, could· not 
be used as a fertilizer, but numerous experiments have 
proved that this inference is not justifiEd. 
Used as a mulch, or applied a ,few days before sow­
ing, -crude ammonia acts as a destroyer only; and 
kills both seeds and growing plants. But if it is 
mixed with the soil at least six weeks before sowing, 
it has the effect of a good nitrogenous- fertilizer .  Com­
pared on - the basis of equal quantities of nitrogen it 
is generally superior to ammonium sulphate, because 
it begins by destroying insects and weeds. 
In order to understand' this great difference in ef­
fect, according as the crude ammonia is applied at 
the time of sowing or several' weekS earlier, it would 
be necessary to know what chemical changes it under­
goes in contact with the sm1, air, and moisture. Very 
little is known about tlle changes, but "the loss of 
toxic propertres proves that the cyanogen compounds 
are gradually destroyed. In the laboratory the ferro­
cyanides 'are very stable compounds, which appear to 
be able to resist the oxidizing action of the, air, but 
we know that many of the changes that occur in the 
soil are partly biological and depend on the presence 
.of specific microbes, in addition to ail' and moisture. 
Hence it is not improbable that such microbes assist 
ir. the transformation of the cyanogen compounds into 
ammoniacal salts, which are subsequently cDnverted 
into nitrates by the "nitrifying" baeteria. 
It is not yet certain, however, whether the fe rtiliz­
ing power of crude ammonia is proportional to its 
total percentage of nitrogen or only to its original 
percentage of ammonia. If the former is proved to. 
be the case we shall be justified in assuming that the 
cyanogen is gradU?lly transformed in the soil into 
ammonia or into nitric acid. 
However this may be, it has been fully and practi­
cally proved that crude ammonia is not only a very 
powerful insecticide and weed killer, but also a nitro­
genous fertilizer of peculiar value, as when properly 
used it both destroys insects and weeds and directly 
promotes the growth of useful plants.-Translated"for 
the SCIENTIFIC AMERICAN SUPPLEMENT from La Sci­
ence au XXme Siecle. 
